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Experimental and numerical prophetic study on the failure of the
connection structure between stages of the missiles( rockets) under
quasi-static load
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Abstract: The interstage bolted flange connection is a common connection mode of the missiles (rockets) , but it destroys the continuity of the
whole missiles (rockets) structure and is of weak load bearing capacity that the whole missiles (rockets) structure is liable to fail so as to lose the
strength under external load. Based on the bolted flange connection structure between stages of the actual missiles (rockets) , multiple experimental
specimens were simplified and manufactured, the quasi-static loading experimental system and the special bolt force signal acquisition sensor were
designed, two quasi-static failure experiments were carried out, and the finite element simulation model was established by ABAQUS
simultaneously. According to the experimental results and the measured data, the failure mechanism of the connection structure under quasi-static
load was analyzed, and the numerical simulation results and precision of the finite element simulation model were proved good. The results in this
research can be used as a reference for the loading bearing capacity and experimental design of connection structure between stages of missiles
(rockets) under quasi-static load.
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Fig.1 Experimental specimen
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Tab.1 Material parameters of the experimental article

A TR Ja IRV 73/ MPa FL AR FR/ MPa A/ MPa W/ (kg/m’) A
7075 5844 455 524 70 000 2700 0.33
8. 8 G i i RS 640 800 210 000 7900 0.3
30CrMnSiNi2A 1256 1570 211 000 7890 0.3
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Fig.2 Identifiers of the bolts
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Fig.3 Diagram of experimental locale
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Fig.4 Bolt force signal acquisition sensor
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Fig.5 Diagram of sequential failure
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Fig.6 Experimental results of the single bolt
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Fig.7 Sketch of the failure mode
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Fig.8 Experimental results of the shear pin
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Fig.9 Curves of loading force-displacement
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Fig. 10 Curves of bolt force-loading placement
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Tab.2  Pre-tightening force of bolts

kN
LR
T 1B 28 3B 48 585 6% 7%
%5

S-1 0.028 0.017 1.690 2.145 3.204 2.998 1.888

S-2 2.414 2.378 1.341 4.049 1.702 1.980 2.522
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Finite element model
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Fig. 12 Comparison of simulation and experimental results
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Simulation curves of loading force-displacement
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Fig. 14 Simulation curves of bolt force-loading displacement
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Fig. 15 Energy history of the failure simulation
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